Abstract Extra-axial hydatid disease (HD) is rare and may create a diagnostic challenge. Herein, we report an extremely rare case of calvarial HD with superior sagittal sinus invasion and an extension to the scalp with unusual magnetic resonance imaging findings simulating osteomyelitis and abscess. Recognition of detached endocystic membranes was the most important clue for the correct diagnosis. HD should be included in the differential diagnosis for a patient having a destructive skull lesion with peripheral enhancing extra-axial soft tissue component. Preoperative correct imaging diagnosis is crucial to improving patient management.
Introduction
Echinococcus granulosis (hydatid disease (HD)) is a small tapeworm that lives in the intestine of the definitive host. The disease inhabits and flourishes in the small intestine, usually in dogs and cats, after being ingested by the host. In endemic regions, human incidence rates for HD can reach more than 50 per 100,000 person-years, and prevalence levels as high as 5-10% may occur in many countries around the worldGreece, Turkey, China, Uruguay, Argentina, Australia, and New Zealand, in particular. The liver is the most common site of involvement because parasite embryos are filtered by the hepatic sinusoids during travel inside the portal system from the intestinal tissue. However, any part of the body can be affected, such as the lungs, spleen, kidneys, bones, muscles and central nervous system. 1, 2 Magnetic resonance (MR) imaging findings of HD involving rare locations in the body may be challenging, leading to difficulties with making a correct radiological diagnosis. HD of the brain is uncommon, and may present with various stages of disease, ranging from a unilocular cyst with no visible wall to a calcified lesion. 3 Cisternal, ventricular, and spinal involvement may also exist, but occurrence in these areas is less frequent. 4 In this report, we present an extremely rare case report of calvarial HD with superior sagittal sinus invasion and an extension to the scalp. The MR imaging appearance was unusual, simulating an osteomyelitis and abscess that needed careful image analysis with adequate knowledge for preoperative correct diagnosis.
Case report
A 26-year-old man with an unremarkable medical history was admitted to our hospital with a complaint of painless slow-growing scalp swelling in the parietal region that had been present for one year. The lump was soft on physical examination. Neurological examination was normal. Routine laboratory test results were reported within normal limits. MR imaging of the brain was performed using a 3-T unit with T2-weighted imaging (TR/TE: 3508.5/80 ms), T1-weighted imaging (TR/TE: 310.6/2.3 ms), diffusion-weighted imaging (DWI) (TR/TE: 3743.5/90 ms; b-value: 1000 s/mm 2 ), susceptibility-weighted imaging with minimum intensity projection (SWI minIP), and contrast-enhanced three dimensional (3D) turbo field echo T1-weighted imaging (TR/TE: 7.90/3.50 ms) with multiplanar reconstructions obtained after intravenous administration of 10 ml of gadobutrol (Gadovist; Bayer Schering Pharma, Berlin-Wedding, Germany). MR imaging revealed a cystic lesion causing a skull defect with extension to the intracranial extra-axial region and scalp. There was also a lack of flow through the adjacent superior sagittal sinus due to the compression and invasion causing partial occlusion rather than displacement. The inner part of the cystic lesion was heterogeneous hyperintense due to hydatid sand, and the thick peripheral fibrous capsule corresponding to the pericyst was very hypointense on T2-weighted images. T2-weighted MR images also clearly showed the detached membranes at the base of the lesion as almost linear signals, which was an important clue to achieve the preoperative correct diagnosis. The lesion was heterogeneous hypointense on T1-weighted images. The cystic lesion showed hyperintense signals on DWI, and hypointense signals on corresponding apparent diffusion coefficient (ADC) map due to restriction. There were markedly linear hypointense signals on SWI minIP consistent with calcifications of septae and pericyst. The fibrous peripheral capsule of the cystic mass showed intense regular enhancement due to superimposed infection, which resembled an abscess on contrast-enhanced 3D turbo field echo T1-weighted (TR/TE: 7.90/3.50 ms) MR images obtained after intravenous administration of 10 ml of gadobutrol. There was also a lack of flow through the adjacent portion of superior sagittal sinus due to the compression and invasion rather than displacement at the region of capsular bulging, which indicated cyst growth ( Figure 1 ). The wholebody survey for HD was negative.
After the MR imaging evaluation, a occipitoparietal craniectomy was performed. The patient was placed in a prone position. After a wide horseshoe-shaped incision was made, a cystic mass with infected parietal bone defect and dura mater defect was discovered. The dura was opened and an extracerebral mass with attachment to dura mater of convexity and superior sagittal sinus was revealed. Superior sagittal sinus was invaded, but there was no sign of invasion to the underlying brain parenchyma. The lesion was dissected away from superior sagittal sinus under a surgical microscope and the cystic mass with the infected bone was totally removed without any complications. The surgical bed was irrigated with batticon solution and physiologic sodium chloride solution. The operation finished with duraplasty and cranioplasty.
On microscopic examination, hematoxyline-eosine staining of the tissue revealed a foreign body reaction with giant cells. Fragments of fibrous laminated outer membrane were found at the centers of the granulomatous palisading reactions composed of these foreign body giant cells. The laminated outer membranes were stained with periodic acid Schiff (PAS). The germinative layer, which consists of daughter cysts and broad capsules with scolices, was not identified. The pathological diagnosis was HD (Figure 2) . No complications or neurological deficits occurred in the postoperative course. Antimicrobial therapy was initiated with albendazole (10 mg/kg per day). At present, the patient is still in the follow-up period and is without symptoms.
Discussion
Involvement of the central nervous system in HD is rare, with approximately 2% of all lesions occupying the cerebral space even in countries where the disease is endemic. 5 The hydatid cysts in the brain are usually solitary. The territory of the middle cerebral artery, mainly the parietal lobes, is the most common site of the disease. Since the migration of echinococcus granulosus larvae through the external carotid artery system is very uncommon, only a few cases of primary intracranial extra-axial HD have been reported in the literature. [6] [7] [8] [9] To the best of our knowledge, this is the first case report of a calvarial HD with superior sagittal sinus invasion and an extension to the scalp showing restricted diffusion on MR imaging.
Calvarial HD starts with the deposition of larvae in the diploic space during its hematogenous spread. Further progression, depending upon the critical balance between the virulence of larvae and host immunity, may cause involvement and destruction of the tabula externa, tabula interna and dura, like other diseases such as tuberculosis. 9 Thus, a type of isolated intraosseous cystic forms, and the involvement of a combination of scalp and/or intracranial extra-axial compartments may exist. 7, 9, 11, 12 The present case was an example of a combination form.
HD is a slow-growing entity and remains asymptomatic for a long time. Patients with intracranial hydatid cysts may present with only headache, or HD may cause focal neurological deficits or signs and symptoms of raised intracranial pressure, depending upon the size and location of the cyst. 13, 14 However, calvarial HD with intracranial extra-axial involvement and scalp extension may appear as a painless, soft, fluctuant swelling on the scalp without other symptoms, as in our case.
MR imaging differential diagnosis of calvarial slowgrowing solitary HD may include pyogenic, fungal, or tuberculous osteomyelitis, Langerhans cell histiocytosis, dermoids and epidermoids, aneurysmal bone cyst and atretic cephalocele. A raised eosinophilic count and positive serologic tests, such as immunoblot, indirect hemagglutination test, and enzyme-linked immunosorbent assay, may give a clue for diagnosis of HD. However, these tests are usually negative in solitary calvarial HD. Thus, diagnosis of hydatidosis is based primarily on imaging findings. On MR images, the hydatid cyst wall is characterized by a 4-to 5-mm hypointense rim on both T1-and T2-weighted images, representing the fibrous or calcified pericyst. The matrix of the cyst or hydatid sand appears hypointense on T1-weighted images and markedly hyperintense on T2-weighted images. 2, 13, 14 In this case, the presence of osseous destruction, intense pericyst enhancement, restricted diffusion on DWI, and superior sagittal sinus invasion creates a diagnostic dilemma for preoperative diagnosis. On the other hand, recognition of inner, almost linear, signals occupying the base of the cyst, which is consistent with detached endocystic membranes, was the most important clue in achieving the correct diagnosis.
Invasion of venous vascular structures by HD is a rare entity. 15, 16 Direct superior sagittal sinus invasion by hydatid cyst contents is a very unusual complication that, to our knowledge, has not been reported previously in the literature. The fibrous pericyst shows intense regular enhancement due to superimposed infection, which appears like an abscess on contrast-enhanced three-dimensional (3D) turbo field echo reformatted sagittal T1-weighted MR image obtained after intravenous administration of 10 ml of gadobutrol (arrowheads). There is also a lack of flow through the adjacent portion of superior sagittal sinus due to the compression and invasion rather than displacement at the region of capsular bulging, which indicates cyst growth (arrow). 
